The a-glucosidase inhibitor acarbose is modified during incubation with cell-free extract from the producing Actinoplanes strain. The formation of this product depends on the presence of ATP.
presence of a phosphate ester. The structure is deduced by NMRanalysis and shown to be acarbose- 7 -phosphate.
The a-glucosidase inhibitor acarbose1} ( Fig. 1 ) and structurally related adiposins2) and trestatins3) are secondary metabolites from Actinomycetes. Acarbose is produced by a strain of Actinoplanes sp., whereas adiposins and trestatins were isolated from Streptomyces.
Acarbose is widely used as an oral antidiabetic1}. Its pseudotetrasaccharide structure resembles maltotetraose. The presence of an aminocyclitol moiety, valienamin, relates this compoundto validamycins4) and, to a lesser extent, aminocyclitol antibiotics.
In the course of studies on the biosynthesis and metabolism of acarbose we noted the transformation of acarbose during incubation with cell-free extracts from the producing Actinoplanes strain. The isolation and structural characterization of this product is reported in the present paper.
Materials and Methods

Organism and Cultivation
Actinoplanes sp. SN 223/29 was used throughout this study.
The strain was grown in a two-step fermentation procedure. Preculture: soy flour (defatted) 3%, glycerol 3%, CaCO30.2%, tap water, pH 7.2. Main culture: malt extract 7.5%, yeast extract 0.7%, NZ-amine 0.3%, CaCO3 0.3%, K2HPO4 0.3%, tap water, pH 6.9. The preculture (120ml in 1000ml Erlenmeyer flasks) was grown on a rotary shaker for 72 hours at 27°C. 9ml of this culture were used to inoculate 120ml of main culture medium. After 120 hours at 27°C on a rotary shaker the culture was harvested by centrifugation at 3500 g. The sedimented mycelium was washed three times with 0.05 m potassium phosphate buffer (pH 6.8). Isolation of acarbose phosphate Crude dried material obtained from 247 mg acarbose (see above) was dissolved in 10 ml ammoniumbicarbonate (2mM) and applied to a column of DEAE-sephadex A-25 (42cm x 2cm). Phosphorylated compounds were eluted by two successive linear gradients of ammonium bicarbonate (50mM to 230mM, 3000ml; and 230mMto 334mM, 1200ml). Fractions (15ml) with E235>E260
containing a substance moving at RaCarbose =0-6 (TLC) were pooled, freeze-dried and redissolved in water. This solution was applied to a column ofBiogel P-2 (54cm x 2.2cm) and eluted with water. Fractions (8.8ml) containing the substance were pooled, freeze-dried and the resulting material rechromatographed on Biogel P-2.
To removetraces of metal ions the pooled acarbose phosphate containing fractions were passed through a small column of Dowexchelating resin A-l (5cm x 1.7 cm). Paper electrophoresis was done on Whatman3MM paper with ammoniumacetate buffer (0.1 m) pH 4.8 at 14 V/cm. JULY 1996 Acarbose and acarbose phosphate were located on chromatograms with alkaline silver nitrate reagent5). Radioactive compounds were located by autoradiography (Agfa Curix X-ray film).
For quantitation radioactive spots were scraped from the TLC plate and counted in a liquid scintillation counter.
Proof for the presence of a phosphate ester was achieved by treatment with phosphatase, phosphodiesterase or a combination of both enzymes. Radioactive modified acarbose (0.03 //mol) was incubated with 0.25 m Tris buffer (pH 8.6), 0.1 mMMgCl2 and enzyme in a total volume of 4/xl. After 30 minutes at 37°C 5/xl of cold ethanol were added, protein removed by centrifugation and the supernatant applied to a TLC plate.
Results and Discussion
Formation and Isolation of Acarbose Phosphate When cell-free extracts of Actinoplanes sp. were incubated with 14C-labeled acarbose, a radioactive product was formed which differs from acarbose by its Cleavage products were separated chromatographically again (3 solvents) and only acarbose was obtained, whereas modified product disappeared. Treatment with phosphodiesterase has no effect. These data confirm that the acarbose derivative is a phosphate ester. By addition of ATPthe activity of a Sephadex-treated extract was restored and the product was formed in 84% radiochemical yield, indicating a phosphorylation reaction catalyzed by a kinase.
For structural studies modification product was prepared on a larger scale and purified by combination of ion exchange and molecular sieve chromatography.
Properties of the Product and Structure Elucidation
The anionic compound shows no significant absorption at wavelengths higher than 240 nm. Chemical shift values (ppm) of acarbose (first column) and acarbose-phosphate (second column)
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(ring Comparedwith the corresponding signals in acarbose a down field shift of approx. 2.2ppm at C-5 and up field shifts of approx. 3.1ppm at C-6 and C-7 , and rather insignificant shift differences for carbons 1 to 4 point to a positioning of the phosphate at either C-5, C-6 or C-7 (Table 1) . Since the double bond between C-5 and C-6 is still present (<5= 140.97 and 127.36ppm, respectively) phosphate ester bond must be located at the exocyclic C-7 of valienamine. Chemical shift differences observed in acarbose phosphate relative to acarbose showsimilar ranges and directions to hexose-6-phosphates relative to free hexoses6'7). Additional coupling constants of /= 2.8 were reported for hexose-6-phosphates. In acarbose phosphate significant C-P-couplings are seen at C-5 and C-7, and the coupling constants observed are /=6.3 Hz and 4.5 Hz, respectively. These values are in good agreement with our assumption that acarbose is phosphorylated at C-7 of the cyclitol moiety (Fig. 1 ).
